INTRODUCTION
Diabetes mellitus type 2 is a metabolic disorder that is characterized by high blood glucose in the context of insulin resistance and relative insulin deficiency. 1 This is typically a multi-organ chronic disease and is associated with a ten-year-shorter life expectancy due to its complications. 2 Globally as of 2010 it was estimated that there were 285 million people with type 2 diabetes making up about 90% of diabetes cases. 2 This is equivalent to about 6% of the world's adult population. 3 Diabetes is common both in the developed and developing world. 4 World Health Organization estimates that more than 180 million people worldwide have diabetes, and by 2030 it is expected that this number will have doubled. 4 There is an alarming increase in the incidence and prevalence of diabetes mellitus (DM) in Asian Indians. 5 Diabetes has micro-vascular and macro-vascular disorder with debilitating effects on many organs. The alveolar capillary network in the lung is a large micro-vascular unit and may be affected by microangiopathy. 6 However, because of its large reserve, substantial loss of the micro-vascular bed can be tolerated without developing dyspnoea. As a result, pulmonary diabetic micro-angiopathy usually remains under-recognized clinically. This study was conducted to measure pulmonary function test (PFT) in type 2 diabetes mellitus subjects and to determine the influence of duration and severity of type 2 diabetes mellitus on pulmonary function test. Hence, we hypothesized that PFTs are affected in DM in Indian population and the changes may correlate with severity and the duration of the disease.
II. Material And Methods
A case-control study was conducted on 30 type 2 DM patients and age sex matched 30 controls at Department of Physiology, SMS medical college, Jaipur. Cases were recruited at diabetic clinic, SMS Hospital, Jaipur, who were diagnosed to have type 2 diabetes mellitus by physician according to WHO criteria . 7 Diabetes is defined when fasting blood glucose >=126 mg /dl, Mild -140mg/dl to 180mg/dl, moderate-180 to 250 mg/dl, severe >250mg/dl. These cases were further screened out for smoking and acute/chronic pulmonary disease, any of case should not be smoker or having any acute/chronic pulmonary disease. Extremes of ages were also excluded i.e. <20 years and >60 Years.
Age and sex matched non-smoker and free from any acute/chronic pulmonary disease, 30 controls were also identified from the community.
The purpose of the study was explained to the participant and informed consent form was obtained. Then all subjects underwent screening with detailed history, anthropometry and spirometry. Detailed Pulmonary functions tests (PFTs) including FVC, FEV 1 , PEFR, FEF 25-75% , MVV & FEV 1 /FVC were measured by Medspiror, for 3 times at every 15 minutes interval and best of 3 readings was taken in a quiet room in sitting position, according to American Thoracic Society/European Respiratory Society ATS/ERS guidelines. 8, 9 Medspiror is a computerized spirometer self calibrating, which fulfils the criteria for standardized lung function tests.
Significance of difference of pulmonary parameters in both the groups was inferred with unpaired 't' Test. Association of pulmonary function test with diabetic variants were interpreted by one way ANOVA test. Abbreviations: PFT Pulmonary function tests, DM Diabetes mellitus, FVC forced vital capacity, FEV 1 forced expiratory volume in I st second, PEFR peak expiratory flow rate, FEF 25-75% forced expiratory flow during middle half of FVC, MVV maximum voluntary ventilation
III. Result
In the present study difference in means of age, sex, BMI, Systolic blood pressure (SBP), Diastolic BP, Serum Cholesterol and Serum Creatinine between cases and controls were not significant (P<0.05), whereas mean Serum glucose levels was found significantly more in cases group.
In this study, among 30 patients 22 had restrictive, 2 had obstructive, 5 mixed blockage and only 1 normal spirometric pattern. (Table 2 ) Even though Type2 diabetic patients did not have any respiratory symptoms they did have underlying sub clinical restrictive patterns of lung functions. Regarding pulmonary function defects in the present study, it was observed that normal functioning of lung was found significantly (P<0.05) more in control group whereas restriction was found significantly (P<0.001) more in cases group. Among pulmonary function tests, difference in means of FVC, FEV 1 PEER, FEF 25-75%, MVV and FVC/ FEV 1 were found highly significant in both the group in this study. Means of FVC, FEV 1, PEER, FEF 25-75%, and MVV were found significantly less whereas FVC/ FEV 1 were found significantly more in cases group. Furthermore, PEER, FEF 25-75%, MVV, FVC/ FEV 1 were not found to be associated with severity and duration of illness whereas FVC and FEV 1 were found to be associated with duration of illness. There was no linear correlation found between PFT and duration of illness where FVC and FEV 1 both were found minimum in 15-20 years old DM whereas both of the tests were found maximum in 10-15 years old DM.
IV. Discussion
Pulmonary function testing has been a major step forward in assessing the functional status of the lungs. 10 In this study restrictive type of lung function defects were observed in DM type 2 patients, other authors also had reported similar findings 11, 12 Present study showed that all the pulmonary parameters, that is, FVC, FEV 1 , FEF 25-75 , MVV , and PEFR were significantly reduced except FEV 1 /FVC in patients of type 2 DM as compared with the healthy controls (P < 0.001). The ratio FEV 1 /FVC is greater in diabetic patients (P > 0.05). Well comparable findings of reduction in all parameters of PFT in DM type 2, was reported by other authors.
13,14 Meo(2006) 14 observed that lung function parameters like forced vital capacity (FVC), forced expiratory volume in one second (FEV 1 ), FEV 1 /FVC ratio, have shown a significant reduction in type 2 diabetes of longer duration. Some authors like Verma et al and Ali et al also reported that there is a significant average reduction in FVC, and FEV 1 in type 2 diabetic patients, and it is also demonstrated that peak expiratory flow rate (PEFR) and forced expiratory flow in 25-75% (FEF 25%-75% ) may be lower in diabetics, which is inversely related to the duration of the disease. 15, 16 Further more in the present study association not found between PFT and severity of illness and similar findings were observed by other authors . 13, 17 DM being a systemic disease, which also affects lungs causing restrictive type of ventilatory changes, because of glycosylation of connective tissues, reduced pulmonary elastic recoil and inflammatory changes in lungs. The histopathological changes in the lungs of diabetics are associated with the thickening of the alveolar epithelium and the pulmonary capillary basal lamina and also due to the reduced recoiling of the lung. 18 This is caused by biochemical alteration of connective tissue constituents, particularly collagen and elastin. There is increased cross-linkage formation between polypeptides of collagen which leads to thickening, leading to restriction of lung volume and alveolar gas transport, reduced membrane diffusion capacity and pulmonary capillary blood volume. 
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V. Conclusion
This study demonstrated that pulmonary function is significantly decreased in type 2 diabetes mellitus, independent of smoking. Reduced lung functions were of particularly restrictive pattern and more in long durational diabetes mellitus. There is a need for periodically assessing the pulmonary function in type 2 diabetes mellitus and spirometry remains a cost effective, a simple non-invasive diagnostic tool and its judicious use can give warning signal for patients to take early preventive measures.
